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RESEARCH MEMORANDUM

PRELTMINARY RESULTS OF TURBOJET-ENGINE
ALTTITUDE-STARTING INVESTIGATION

By H. D. Wilsted snd J. C. Armstrong

SUMMARY

The altitude-~ignition and altitude~flame~propaegation limits of a
turbojet englne over a range of simuleted flight conditions in an alti-
tude chamber are belng investigated et the NACA Iewis laboratory. Pre-
liminery results showed that en energy output at the spark gaep of
2.13 joules per spark at e spark-repetition rgte of 1 spark per second
allowed ignition to 50,000 feet at a flight Mach number of 0.6 with
fuel and engine-injet-air temperature at stendsrd NACA free-stream
total tempereture. The minimm power required for ignition occurred at
low spark-repetition rates (on the order of 1 spark/sec) accompanied by
relatively high spark energles.

When the standard engine lgnition system was used with l-pound-
per-square-~inch Reld vapor-pressure fuel at a simulated flight Mach num-~
ber of 0.8, a reduction in elther fuel or inlet-air temperstures pro-
gressively reduced the altitude-lignition limit. A reduction in fuel
temperature from 30° to -2° F generally lowered the altitude-ignition
limit less than S000 feet but when the fuel temperature weas reduced to
-30° F a very sbrupt lowering of the altitude 1limit was found when the
air tempersture was lower than 0° F. At sea-level conditlons, however ’
ignition with the standard ignition system was obtained to the limit of
the refrigerated alr systems, -50° F. 'The effects of spark-gep location
and fuel voletility were aleso investigated.

INTRODUCTION

Engine starts ere requlred at high:altitude when combustion blow-
out is encountered, such as might occur during intercepting or fighting
maneuvers. Engine starts are slso required at high altitude when a
multiengine alrplisne has been cruising with some of 1ts engines inoper-~
ative and requires the remaining engines for evasive action or to
increase flight speed. It 1s importent that engine starts be relisbly
accomplicshed at altitudes corresponding to the maximum celling of the
engine or airplane. Otherwipe, sirplane effectiveness is lost if the
engine must be taken to low altitudes for restarting. Starting of a
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turbojet engine requires (1) that ignition in the combustors containing
sperk plugs or other ignition devices be accomplished, (2) that flame
propagation from the combustors with spark pluge to the combustors
wlthout spark plugs be accomplished through the cross-fire tubes, and
(3) that the engine be accelersted from starting speed to full engine
speed wilthout encountering combustion blow-out or compressor stall or
surge and without exceeding the allowsble temperatures of the engine

parts.

A comprehensive study of the turbojet-engine-starting problem is
belng conducted at the NACA Lewis laborstory to provide criliteria for
design of relisble starting systems. The purpose of this report is to
present some of the preliminary ignition and flame propagatlion results
currently aveilable from this investlgation. The altitude-starting
investigation 1s belng conducted over & range of simulated flight con-
ditions In an altitude chamber using an axisl-flow turbojet engine hav-
ing a number of individual direct-flow-type combustors. Data are pre-
sented to show some of the effects. of flight Mach number, spark-gsp
immersion, fuel volaetility, fuel and asilr temperature, spark-repetition
rate, and spark energy on altitude-ignitlion limlts of & production-type
turbojet engine. Effect of fuel volatllity on flame~propagetion limits
is also presented.

APPARATUS AND PROCEDURE

The investigatlion is being conducted in an sltitude chamber 10 feet
in diemeter and 60 féet long. Two axial-flow-compressor-type turbojet
englnes differing only in the comstruction of the first stage of the
compressor are belng used. These englnes have a nominal thrust rating
of 5000 pounds. ZFor identification, the engines will be deslgnated A
and B so that dats from the same engine may be compared directly.

The data recorded for this investigation were engine-inlet pressure
and temperature, combustor static pressure, extent of flame propagation
from cambustor to combustor, tall-plpe temperatures, and slititude pres-
sure settings. The extent of flsme propegation from one combustor to
another wes indicated by & temperature rise in the combustors ignited;
the temperature rise was detected by thermocouples in the combustor
outlets. Altitude pressure settings were measured by use of a static-
Pressure probe loceted near the Jet-nozzle outlet in the exhaust section
of the altitude chamber. The engine-inlet pressures and temperatures
were set at standard NACA free-stream total conditlons except that the
minimim temperature cobtailneble at the engine inlet under eltitude con-
ditions was about ~40° F. At the higher alr flows required by the
englne at sea-level pressures, however, temperatures as low as -50° F
were obtained for the simulated cold-weather-stsrting lnvestigation.
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Because preliminary studlies showed that the ignition characteristics of
the axlal-flow engine were more sensitive to engine windmilling speed
then to smell variations in static pressure, the exhaust pressure was
adjusted to obtaln the engine windmilliing speed determined by & previous
celibration for each flight condition investlgated.

The engines were equipped wilth induction-type ignition systems
which discharged ebout 800 sparks per second at 0.02 Jouls per spark
through AC F-67 spark plugs. This system is shown schematically in
figure 1(a). A second ignition system, which was a capacitance-type
system as shown schematically in figure 1(b), was added to engine B
to allow variation of spark energy, voltage, and sparks per second.
For this investigation the voltage indicated by the pesk voltmeter
was held constant at 10,000 volts. This system discharged into
special opposed spark plugs which consisted of 3/16-inch dismeter
Inconel rods with the tips machined to form a uniform spark gsp
of 0.11 inch when installed. These heavy electrodes were used to
minimize the erosive effects of the high-energy sparks.

The spark energy was determined initislly from the known capacil-
tance of the condensers and the voltage to which they were charged as
indicated by the pesk voltmeter shown in the cilrcult disgrsm (fig. 1(b)).
A later examinstion revealed seriocus losses in the system between the
point of measurement and the spark gep and indicated the need for an
energy measurement at the gpark gap. An attempt was made tQ measure
the heat oubtput of the spark at the spark gap by a comparison method
using the epparatus shown in figure 2. The reslistance change of the
wire grid subJected to the heat released by a fixed number of sparks
weas compared with a calibration of resistance change versus heater-coll
power consumption. A determination was thus made of the equivalent
power qQutput for a fixed number of sparks and consequently the energy
output per spark. All measurements of spark energy of the varigble-
energy ignition system were mesde by the comparison method at approxi-
mately sea~level pressure and temperature.

The fuel system of engine A, which is shown in figure 3(a), included
duplex fuel nozzles. Fuel temperstures during aspproximately the first
15 seconds of an attempted start were near inlet-alr temperatures,
beceuse the fuel system and filters inside the altitude chember con-
tained about 3 gallons of fuel thet were exposed to engine-inlet ailr
for s period of at lesst 5 minutes before each attempted engine start.
If the start required more than the 15 seconds, the fuel temperature
tended to rise. In order to obtaln & more accurate control of the fuel
temperatures, a fuel cooling system was added for use with engine B as
shown schematlically in figure S(b). In an attempt to improve the fuel
atomization and to obtain equal fuel flow to each combustor, a set of
variable-area fuel nozzles and a fuel distributor were used. When cold
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fuel was used, however, reproduciblility of results was difficult and
was attributed to stlcking of the moving parts of the nozzle. DPuring
the later portion of the investigation, small slmplex fuel nozzles

(5 gal/hr) were installed to insure e high degree of reproducibility of
spray pattern and stomization. Ignition-limit reproducibllity was
sppreciably improved; that 1s, the results were reproduced within

5000 feet, which is the minimum increment of altitude investigated.

The englne throttle during this investligatlion was elther (l) manu-
ally controlled, slowly opened and closed during an sttempted start, or
(2) fixed, opened {0 a given positlon as soon as the ignition was turned
on and retained in the fixed position untll the attempted start was com-
pleted. When the fixed throttle technigue was used, several attempts
were required to investigate a range of fuel flows. The fuels used in
this investigation were MIL-F-5624 fuel hsving a Reld vapor pressure of
5.8 pounds per square inch, MII~F-24 fuel having a Reld vapor pressure
of 6.2 pounds per square inch, snd a fuel having a Reld vapor pressure
of 1 pound per square inch. The l-pound-per-square-inch Reld vapor
pressure fuel is equivalent to the MIL-F-5624 fuels with sufficlent
volatiles removed to reduce the Reld vapor pressure to 1 pound per
squere inch.

RESULIS AND DISCUSSION
Altitude Ignition

Because engines A and B are nearly alike, only smell differences
in altitude-starting limits should exist between the two englnes and
trends with operational and mechenicel chsnges should be the same
regardless of which engine is used. The effect of flight Mech number on
the altitude~ignition limits of engine B, when the standerd-engine-
ignition system and a 6.2-pound-per-gquare~inch Reld vapor pressure fuel
are used, is shown in figure 4. Ignition of the combustors containing
sperk plugs was possible to an altitude of 45,000 feet at a flight Mach
number of O.4. As flight Mach number was increesed, the altlitude-
ignition 1limit decreased rgpldly untll at a flight Mach number of Q.8
ignition was not possilble at even 5000 feet. Thils sensitivity to flight
Mech number is atiributed to the increase 1n alr veloclty through the
cambustors accompanylng the rise in windmlliling speed as flight Mach
numbexr ls increased.

Effect of fuel volatility. - It might be expected when fuel vala-
tllity is decreased, wlth consequent decrease in evaporation rate, that
a fuel-air mixture would be more difficult to ignite. The altitude-
ignition limit of engine B using the standard-engine-ignition system
and a l-pound~per-sguare-inch Reld vepor pressure fuel is shown 1n fig-
ure 5 and a comparison of the altitude-lgnition limits of the 1- and
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6. 2-pound-per-square~inch Reld vepor pressure fuels is ghown in fig-
ure 6. At e flight Mech number of 0.4, the less volatile fuel reduced
the altitude-lgnition limit by 15,000 feet. At higher Fflight Mach num-
bers, this difference was less.

Effect of fuel and ailr temperatures. - Because the rate of vepor-
ization of fuels decresses wlth decreasing temperature, a reductlion of
fuel and alr temperatures would be expected to lower altitude-ignition
limits. The effects of fuel and inlet-alr temperstures were determined
with the l-pound-per-square-inch Reid vgpor pressure fuel in engine B.
The investigetion was conducted at a simulated flight Mach number
of 0.6 except that the exhaust pressures were veried slightly t0 main-
tein a constant windmilling speed so as to ipolate the temperature
effects. The change in altitude-ignition limits obtalned by independ-
ently varying the fuel and slr temperstures 1s shown in figure 7. A
comparison of these altitude limits is shown in figure 8. As either
fuel or air temperature wes decreased, a progressive decrease occurred
in the altitude-ignition limit. A reduction in fuel tempereture from
30° t0 -2° F generally reduced the altitude-ignition limit less than
5000 feet, but when the fuel temperature was reduced to -30° F a very
abrupt lowering of the altltude limit was found when the engine-inlet-
alr temperature was lower than 0° F.

Additional runs were made to determine the minimm fuel and air
temperatures at which static sea-level starts could be made wlth the
l-pound-per-square-inch Reid vepor pressure fuel. Ignition could be
obtained at fuel and sir tempersturee as low as -50° F, the limit of
the refrigerstion systems for the flows reguired.

Effect of spark-gep immersion. - Injectlon of liguid fuel in the
form of a hollow cone into the engine combustor results in a very strat-
ified fuel-air mixture, If the electrodes are directly in the liquid
fuel stream, ignltion is difficult because of the guenching action of
the fuel. If the spark electrodes asre too far from the fuel spray, the
mixture may be too lean for ignition. To explore this effect, spark-
gap Immersion Into the combustor and fuel spray cone angle were varied
in engine A using the 5.8-pound-per-square-inch Reld vapor pressure
fuel. The largest sprey cone angle investigated, 120°, gave the highest
altitude limits and date showing the effect of spark-gap immersion on
altitude-ignition limits are plotted in figures 9(a) to 9(d). The
gpark-~gep lmmersion ls given as the ratio of the immersion of the spark
gap inside the nominal spray cone I +to the radius of the spray cone
at the spark gep location r. Dsba are shown for the spark gaps located
in the path of the fuel spray (I/r = O) and for progressive immersion
untlil the sperk gaps were on the center line of the combustor (I/r = 1.0)
as shown in the following sketch:
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All attempts to start were made by slowly Opening and closing the
throttle with the ignition on, except for the zero-immersion-ratic
data, for which the lgnition was turned on and the throttle opened
rapidly to establish predetermined fuel flows. Because some of the
predetermined fuel flows were too low to obtaln ignition, several
no-ignition points fall below the ignition limit in figure 9(a).

This ignition limlt was later spot checked by using the manual- or
varieble-throttle procedure. A comparison of these data are shown in

figure 10. Increasing the spark-gap lmmersion inslide the spray cone

generally increased the sltitude-ignitlon limit. The greatest improve-

ment was at the highest flight Mach number (0.85) where the altitude- .
ignition limit wes lncreased from an altitude of 10,000 to sbout

35,000 feet,

Similar spark-gep-immersion dats were obtained with engine B using
the l-pound-per-sgquare~inch Reid vepor pressure fuel and these resulis
gre shown In figure 11l. At the low flight Msch numbers the spark-gap
immersion had little effect on ignition limits but at the highest flight
Mach number (0.8) the altitude 1imit was increased from sea level to
20,000 feet.

These dete mey indicate a greater asccumulation of fuel vepor near
the center of the fuel spray cone and possibly less effect of quenching
by the liquid fuel. as shown in the following idealized sketch:

Spark plug

o Concentration of
? ! 1iquid fuel

i vapor fuel

)
'9epa+

Combustor liner

-_ - - [R—
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Effect of spark energy. - The effect of spark energy and spark-
repetition rate on altitude- igniﬁon limits has been investigated by
using the variable-energy ignition system in engine B. This investi-
gation was conducted at a flight Mach number of 0.6 using a l-pound-
per-square-inch Reild vapor pressure fuel. The ‘Iow~-vapor-pressure fuel
and relatively high flight Mach number are both detrimentel to ignition
and under these conditions ignition was possible with the standard igni-
tion system to an altitude of only 15,000 feet. The relation of spark
energy to spark-repetition raste required to obtain ignition at an alti-
tude of 50,000 feet is shown in figure 12. AL an input of 0.34 joule per

spark, 184 sparks per second were required for ignition, but at an input of

1.05 joules per spark only 15 sparks per second were required for igni-
tion. At the next higher spark energy availsble from the ignition sys-
tem, 2.13 Jjoules per spark, only 1l spark per second was required for
ignition. From an extrspolation of the curve it 1s evident, however,
that ignition could have been obtained at 1 spark per second at a spark
energy of gpproximately 1.3 Joules per spark.

These data show that there is s wilde range of spark energy and
spark-repetition rate that will produce ignition at an altitude of
50,000 feet in the engine used. The date sre therefore replotted in
figure 13 to show the power (Joules/spark)(sparks/sec) required for
ignition. The minimm power requirements of the power source occurred
when s high energy per spark and s low spark-repetition rate were used.
The minimum power measured was 2.13 joules per second obtained at
2.13 joules per spark and 1 spark per second. However, the extrapola-
tion of figure 12, which is replotted in figure 13, indicates that igni-
tion probaebly could have been obtalned at sbout 1.3 joules per second.
The trend of figure 13 emphssizes that the use of a high spark energy
at a low repetition rate can result in a large reduction in power
required for ignition as compared wlth a low spark energy at a high
repetition rate.

For 1 spark per second, the spark energy required for ignition with
increasing altitude was investigeted and the results are shown in fig-
ure l4. The measured energy requlred for ignition at 35,000 feet was
0.24 joule per spark and at 50,000 feet was 2.48 Joules per spark.
Ignition was not possible at 55 000 feet with the maximum output of the
ignition system (3.74 Joules/ spa.rk) at 1 spark per second. The data of
figure 14 show that very large increases in energy are required for
ignition sbove an altitude of 45,000 feet at a flight Mach number of 0.6.

During this investigation a serious operatiocnal problem was
encountered with the standard aircraft harness connectors which were
used in both ignition systems and caused considerable difficulty when
operated at high altitude. Corona dischaerges occurred in the air
pockets in the conunectors and decomposed the insulating slllcone grease
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to the degree that no spark occurred in the spark gap. These difficul-
tles strongly indicate the need for comnectors from which all air
pockets can easlly be purged.

Flame Propagation

The effect of flight Mach number on the altitudes to which flame
propagation could be obtained with three different fuels is shown in
figure 15. The data in figure 15(a) show a decrease in the flame-
propagation limit as flight Mach number was increased from 0.25 to 0.40.
At flight Mach numbers sbove 0.40, the effect of flight Mach number on
the propagetion 1limit was negligible. A comparison of the altitude-
fleme~-propagation limit for 1- and 6.2-pound-per-square-inch Reid wvapor
pressure fuels is shown in figure 16. The less volatile fuel reduced
the propagation limit about 5000 feet between f£light Mach numbers
of 0.4 and 0.8.

SUMMARY OF RESULTS

An investigation of sltitude ignition and flame propaegation in
progress at the NACA Iewls leborastory using axial—flcw-compressor tur-

An energy output at the spark gap of the ignition system of
2.13 Joules per spark at a spsrk-repetition rate of 1 spark per second
allowed ignition to 50,000 feet at a flight Mach number of 0.6 with
fuel and engine-inlet-ailr temperatures at standard NACA free-stream
total temperature. The minimum power required for ignition was shown
to occur at low spark-repetition rates (on the order of 1 spark/sec)
accompanied by relstively high spark energies. Altitude-ignition limits
decreased rapldly with increasing flight Mach number with the spark gaps
in the nominal fuel spray path, but by increassing the spark-gsp lmmer-
sion inside the fuel spray cone the effect of flight Mach number was
decresased.

A reduction of fuel volatility from 6.2- to l-pound-per-square-inch
Reid wvapor pressure reduced the altitude-ignition limits by as much as
15,000 feet and the altitude-flsme-propagstlon limlits by about 5000 feet.
When using the standard engine ignition system with a l-pound-~per-square-
inch Reid vapor pressure fuel at a simulated flight Mach number of 0.6,
a reduction in elther fuel or inlet-air temperatures progressively
reduced the a.ltitud.e lgnition 1limit. A reduction in fuel temperature
from 30° to -2° F generally lowered the altitude-ignition limlt less
than 5000 feet, but when the fuel temperature was reduced to -30° F, a
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very abrupt lowering of the altitude limit was found when the engine-~
inlet-alr temperature was lower them 0° F. At sea-level statlc condi~
tions, however, ignition with the standard system was obtained to the
limit of the refrigeration systems, -50° F.

Lewis Flight Propulsion Laboratory
Nationsl Advisory Committee for Aeronsutics
Cleveland, Ohio
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(a) Standard inductance-type ignition eystem for engines A and B.
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Rl Charging resistor 20,000 ohms ’ Cog:;i;:ctim
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R3 Charging resistor 50,000 ohms

High-energy varlable-sparking-rate ogpacitance-type ignition system for engine B.

Plgure 1. - Schematic diagram of ignition systems.
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Figure 2. - Schematic disgram of system used to determine spark energy.
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{b) Puel system used with engine B.

Figure 3. - Schematlic diagrams of fuel systems.
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Throttle control « « . & &+ ¢« ¢ « ¢ ¢ o « = « « « o Manual
Ignition system . . . . 0.02 Joule/spark, 800 sparks/sec
Fuel nozzles . « v« v « « ¢ s « = « s« + « - Verisble ares
Inlet-air temperature . . . Standard NACA to ~40° F limit
Fuel temperesture . . . . . . . . . . . Equal to inlet air
Spark 8D « ¢« ¢ ¢ « 4 4 o s+ 4 o « & o o 0.17 to 0.18 inch
O Ignition
a No lgnition

50,000

40,000

30,000

Altitude, £t

ny
Q
8
o

J

10,000

()
Q)

)
0
/

\

o

.2 .4 N .8
Flight Machk number

Figure 4. - Altitude-ignition limits of turbojet engine B using 6.2 pound-
per-square-inch Reid vapor pressure fuel with standard ignition system,
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Throttle COAtYOL & « &« « ¢« « o« &« « « « s -« « « » « Manual
Ignition system . . . . . 0,02 jJoule/spark, sparks/sec
Fuel nozzles « +. « =« « « ¢+ « « « ¢« « » » « « Variable area
Inlet-air temperature . . . . Standard NACA to -40° F limit
Fuel temperature . . . . « « 4+ « « « «» . BEgual to inlet air
Spark gap « o+ < + o+« s« s o o &« 4+ 0.17 to 0.18 inch
(o) Ignition
) No ignition
50,000
==
40,000 © =
Ol omo
aop
' o
30,000 HO NO
& ()
.§ [t \ —308
2
5 N\_gg
2 20,000 olo
’ 0o
0
cb\
o|d,
\\
10,000 : =3 S
\.
\
\
\\ ‘:::::::;7’

o) .2 4 .B .8 1.0
Flight Mach number

Figure 5. - Altitude-ignition limits of turbojet engine B using l-pound-
per-square-inch Reld vapor pressure fuel with standard ignition system.
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Throttle control « o « ¢ o« ¢« « o o o o s« o « « o « « Manual
Ignition system . . . . . 0.02 joule/spark, sparks/sec
Fuel nozzles . . « « « « + =« . « « « « « Varisble areas
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Figure 6. - Effect of fuel volatility on altitude-ignition limits of

turbojet engine B with standerd ignition system.
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{
Throttle control . « « « « = &« ¢« « ¢ =« » = « . Menual
Ignition system . . . 0.02 Joule/spark, 800 sparks/sec
Fuel nozzles . .« . . « « + =« « « « « - . Variable ares
Fuel . . . . . . . . . 1 1b/sq in. Reid vapor pressure
BParK S8 « ¢ ¢ o o ¢« o o s o o » o 0.17 to 0.18 inch
Fuel temperatur
(°F)
40,000 30
------ -2
—— -30
—
///
P et S
e eend
30,000 / //5__7
—
—— =T
g /f’// £
- /
& 20,000 : ,;/ ,/
§ / /l
o .
< /
[
10,000 /
0 "
-60 -40 -20 . 0 20 40 60

Inlet-air temperature, OF

Figure 8. - Effect of fuel and inlet-alr temperatures on altitude-ignition limits

of turbojet engine B with standerd ignition system.
2020 rpmsy and £light Mach number, approximately 0.6.

Engine windmilling speed,



18 SECURITY INFORMATION NACA RM ES51H30
'[Tenition system . . . . 0.02 Joule/spark, 800 sparks/sec
Fuel hozzles , . . . . . Standard duplex, 120° cone angle
Inlet-air temperature . . . Standard NACA to -40° F limit
Fuel temperature . . . « « « BEqual to iInlet air
Fuel o . v w0 v o o - . ‘5.8 1b/sq in. Reid vapor pressure
© e e e e e e e « e e e t
60,000 Spark gep 0.17 to 0.18 inch
50,000
88 (o] Ignition \
a No ignition
er \
40,000 TR #\

]

30,000 \ﬁ!
20,000 — D B—
’\ o

¢ odH

10,000 : ' N

(2) Spark-gep immersion, I/r, 0; (v) Spark-gep immersion, I/r, 0.09;

& throttle control, fixed. throttle control, manual.
1]
s )
2
60,000
oo _ oo oo
50,000 — €8 =
gdo ® P ID\
40,000 0 0P0—aco—
o of @ o 0 g
30,000 Fa)
o
20,000
o
10,000
o .2 .4 .6 .8 10 ©0 .z .4 .6 .8 lo

Flight Mach number

(¢) Sperk-gap immersion, I/r, 0.36; (d) Spark-gap immersion, I/r, 1.00;

throttle control, manual.

throttle control, manual.

Pigure 9. - Altitude-ignition limits at vaerious spark-gap immersions inside
spray cone for turbojet englne A with standard ignition system.

bI22



2214

NACA RM E5IH30

50,000

40,000

30,000

Altitude, £t

N
(o]
“§

10,000

SECURITY INFORMATION

19

Ignitlon system . . . . . . .. 0.02 Joule/spark, 8OO sparks/sec
Fuel nozzles . . . . . . . . . Standard duplex, 120° cone angle
Inlet-air temperature . . . . . . Standard NACA to -40° F limit
Fuel temperature . . . . . . « « « « Equal to inlet sir
Fael v « - o v v v v v . . . 5.8 lb/sq in. Reid vapor pressure
Spark 8D .« + s e« s e o 4 e s 4« s« « s o « 0.7 to 0.18 inch

Sperk-gap
Iimmersion

I/r

— 0 fig. 9(a))
——— .09 gfig. 9(b;)

[—_— .36 (fig. 9(c
— 1.00 (fig. 9(q))

I

.2 .4 .8 .8 1.0
Flight Mach number

Figure 10. - Effect of spark-gep immersion on altitude-ignition limits

of turbojet engine & with standard ignition system.



20 SECURITY INFORMATION NACA RM ES1H30
{ Throttle control , ... . . . « « Manual
Ignition system . . . . . . . 0 02 Joule/spark, 800 sparks/sec
Fuel Nnozzles8 .« « « 2« « + « = « o « o + « « » Variable area
Irilet-air temperature . . . . . standard NACA to -40° P limit
Fuel temperature . . . . . . . . « « Equal to inlet air
FUuel « o v o o v o o s o o 4 s 1 lb/sq in. Reid vapor pressure
Bpark 8P « « « « « ¢ ¢« ¢« o« s« s o« « « 0.17 to 0.18 inch
Spark-gap
g %gn%tiozion immersion
igni: I/I‘
1.00
50,0001 1 L | === 0 (limit of fig. 5)
40,000 '
NS
N
\ e
\ ]
\S
\Y
' \Y
- 30,000 =
[
. \\
,§ o \JXK P= P
L)
o
b \
< 20,00 \ o
N\
N\
\\
AN
\
10,000 >
N
\
N
\ -
\ NACA ~
- —— — — - !
0 .2 A .6 - .8 1.0

Flight Mach number

Figure 1l. - Effect of spark-gap immersion on sltitude- -ignition limits

of turbojet engine B with standard ignition system.

¥122



2214

NACA RM ESI1H30

SRR
SECURITY INFORMATION

21

200 Throttle control « « « « « ¢ 4 ¢ o ¢ « o o o« « o o Fixed
Ignition system . . . . . arisble energy, 10,000 volis
Fuel NnozzZleB + « « « «"c s o « o = « _sgal/hr simplex
Inlet-air temperablire « « « « « « + « « ¢« « = « o =399 F
Fuel temperabture . « « « « « o « ¢ 4 o o « « & . =3°F
180 DFuel « o en el Ib/sq in: Reid vapor pressure
1smrkgap. e e e e e e e u ... 0.11 to 0.12 inch
160 1.3\
O Ignition -
‘ O No 1 g;nition} Bach symbol represents several attempts
4o \
, \
3 a]
~
£ 120 s *
g 1=
&
\
8 100 =
8
o]
P
o]
pL)
« 5
g 80 5
5 Cﬂ\
L
ﬁ .
& \
X \
40
20 \q
o N NACA,
S o i
o} 1 2 3

Spark energy, joules/spark

Figure 12. - Spark energy and spark-repetition rateé required for ignltion
at altitude of 50,000 feet and flight Mach number of 0.6 for turbojet

engine B.



Power required for ignition, Joules/sec or watts

SECURITY INFORMATION NACA REM ES1H30
Thtottle comtrol . . . . « . « & ¢« & o . .. « . Fixed
Ignition system . . . . . . Variable energy, 10,000 volts
Fuel Nozzles . « « « « + « « « « « « « « 5 gal/hr simplex
Tnlet-air temperature . . « « « « « « = « o « o . o =399 F
70 Fuel temperature . . . . .. =33°0F
FUEL « ¢ 4 4 e v e e e e 1 Ib/sq in Reid vapor pressure
Sperk 8P . . . .. . e ieelals - 0.11 to 0.12 inch

40

30 A
\

20

10 AE

0 1 .2 3
Spark energy, joules/spark

Figure 13. - Power requlred for lgnition at altitude of 50,000 feet and
flight Mach number of 0.8 for turbojet engine B.
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Altitude, ft

SECURITY  INFORMATION NACA RM ES51H30
[
)
i
50, 000+ - L
Flame
propagation
fo'e)
\ (o] Conmplete
] Incomplete
40,0008 A ﬁ&
G,
40 -
20,000 — — I A o
(a) Engine A with 5.8-pound-per-squere-inch Reid vapor pressure fuel. .
—
" . i
0,000
5 oo
30,000 : —cb —
(b) Engine B with 6.2-pound-per-square-inch Reid vapor pressure fuel. _
40,000
T = a-
30,000 ob ~ olo ' q ~ -
.2 .4 .6 .8 1.0 _ _ -
Flight Mach number
{¢} Epgine B with l-pound-per-squere-inch Reld vapor pressure fuel. .
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Reid vapor pressure
of fuel
(1bv/sq in.)
_— 6.2
————— 1.0
40,000 -
\\
£ 30,000
g
3
o
D
=
20,000
:NACA,._-;
I
10,000 .
e .4 .6 .8 1.0

Flight Mech number

Figure 16. - Effect of fuel volatility on altitude at which flame propagation
to all combustors could be obtalned with turbojet engine B.

NACA-Langley - 11-5-51 - 325



SECURITY INFORMATION






SECURITY INFORMATION

L -

76 01435 15




